Abstract. In order to evaluate the anticancer effect of 10-hydroxycamptothecin (HCPT) in terms of inducing the apoptosis of human osteosarcoma cells, its apoptosis-inducing molecular mechanisms were investigated. In the present study, the anticancer effects of HCPT were revealed to result in suppressed cell viability, increased cytotoxicity, the induction of apoptosis and an augmented apoptotic nucleolus of human osteosarcoma cells. MG-63 cells were cultured with HCPT (0, 20, 40 and 80 nM) for 24 and 48 h. An MTT assay and a lactate dehydrogenase assay were used to analyze the anticancer effect of HCPT on cell viability and cytotoxicity in MG-63 cells. MG-63 cell apoptosis, and caspase-9 and caspase-3 activity levels were evaluated using flow cytometry and an ELISA. Western blot analysis was used to detect the protein expression levels of p53, poly (ADP-ribose) polymerase-1 (PARP-1), cytochrome c and B cell lymphoma-2 (Bcl-2) in MG-63 cells. The anticancer effects of HCPT were demonstrated to significantly activate the protein expression of p53, PARP-1 and cytochrome c, and suppress Bcl-2 protein expression and promote the activity of caspase-9 and caspase-3 in human osteosarcoma cells. In conclusion, the anticancer effects of HCPT appear to induce the apoptosis of human osteosarcoma cells through the activation of the caspase-3, p53 and cytochrome c pathways.
Introduction
Osteosarcoma is a primary malignant bone tumor and originates from osteoblast-like tumor cells or osteoid tumor cells (1) . Osteosarcoma often occurs in individuals at 10-25 years of age. The morbidity fastigium is at ~18 years of age (2) . Currently, therapeutic measures include radical limb salvage operations, pre-operative neoadjuvant chemotherapy and post-operative multi-medicine combined chemotherapy (3) . For patients whose tumors are restricted to protopathy, the 5-year long-term survival rate is up to 50-70% (4) . Often, once bone tumors have been diagnosed, lung metastatic foci have already formed and patients are unresponsive to chemo-radiotherapy and operations (5) . Furthermore, in patients with neoplasm recurrence in later periods, the 5-year long-term survival rate is only 15-20% (5) . Current therapeutic methods include multi-medicine combined chemotherapy, surgical resection and radiotherapy with several courses (4) . However, if clinical metastasis is revealed in the first diagnosis or patients are unresponsive to chemo-radiotherapy, particularly for patients with osseous metastasis, prognosis is often negative, and the long-term survival rate is decreased to 15-25% (3) .
The p53 gene is located on chromosome 17p13.1 and is a negative regulatory factor of the cell growth cycle. Furthermore, it has been demonstrated to be associated with various important biological functions, including the regulation of the cell cycle, DNA repair, cell differentiation and apoptosis (6) . The p53 gene is a cancer suppressor gene with a higher mutation rate in malignant tumors (7) . Previous research has demonstrated that functional inactivation of the p53 gene serves a crucial function in the occurrence and developmental process of common types of tumor, including lung cancer and breast cancer (8) .
In the process of apoptosis, the mitochondrion is the center of apoptosis regulation, with cytochrome c serving a critical function upon its release from the mitochondrion. Once cytochrome c is released into the cytoplasm, it may activate caspases and trigger a cascade reaction, thus resulting in apoptosis. The B cell lymphoma-2 (Bcl-2) protein family regulates the release of cytochrome c. The apoptosis induction factor ensures the order of the process of apoptosis. The endoplasmic reticulum may improve the sensitivity of the mitochondrion to pro-apoptosis factors through stress, recruitment and activation, so as to allow ease of cytochrome c release from the intermembrane space of the mitochondrion.
In a previous study in 1966, camptothecin was extracted and separated from the plant Camptotheca acuminata (Nyssaceae) in China and was revealed to act on DNA topoisomerase I with good specificity and demonstrates antitumor activity (9) . However, due to serious side effects, it is not applied in clinical practice. By studying the pharmacological action mechanism and structure-function relationship of camptothecin, researchers have developed a series of derivatives of camptothecin. 10-hydroxycamptothecin (HCPT; Fig. 1 ) is a derivative of camptothecin that has medical uses. HCPT may act on DNA topoisomerase I selectively and form stable medical topoisomerase I-DNA complex compounds to disturb the duplication of DNA (10) . Such a unique mechanism makes it difficult for HCPT to form cross tolerance with other antineoplastic drugs. Thus, it may form part of a combination treatment with a number of medicines for clinical uses (11) . The primary negative effects include myelosuppression and a gastrointestinal reaction. These effects are due to dose-limiting toxicity (12) . Currently, HCPT is primarily used in the form of a sodium salt injection. The present study evaluated the anticancer effects of HCPT in inducing the apoptosis of human osteosarcoma cells, and its apoptosis-inducing molecular mechanisms were investigated.
Materials and methods
Cell culture and hypoxia treatment. Human osteosarcoma MG-63 cells were purchased from the Shanghai Cell Bank of Chinese Academy of Sciences (Shanghai, China) and grown in Dulbecco's modified Eagle medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Biowest LLC, Kansas City, MO, USA), penicillin (100 U/ml) and streptomycin (100 µg/ml) at 37˚C in a humidified atmosphere of 5% CO 2 .
Cell viability and cytotoxicity. MG-63 cells were cultured in 96-well plates (~1x10 4 cells/well) and treated with HCPT (0, 20, 40 and 80 nM) for 24 and 48 h at 37˚C. MTT solution (5 mg/ml) in PBS was added to the cells and incubated for 2 h at 37˚C. Dimethylsulfoxide was added to the cells prior to incubation for 20 min at 37˚C. Cell proliferation was measured using an ELISA reader (Beckman Coulter, Inc., Brea, CA, USA) at a wavelength of 540 nm. Lactate dehydrogenase (LDH; 10 µl) was added to the cells using an LDH cytotoxicity assay kit (C0016, Beyotime Institute of Biotechnology, Haimen, China) according to the manufacturer's protocol. Cytotoxicity was measured using the ELISA reader (Beckman Coulter, Inc.) at a wavelength of 500 nm.
Cell apoptosis analysis. MG-63 cells were cultured in 6-well plates (~2x10 6 cells/well) and treated with HCPT (0, 20, 40 and 80 nM) for 48 h. Cells were then suspended in 500 µl binding buffer (BD Pharmingen; BD Biosciences, San Jose, CA, USA) following centrifugation at 2,000 x g for 5 min at 4˚C, and were then supplemented with 5 µl Annexin V (BD Pharmingen; BD Biosciences) and 5 µl propidium iodide (BD Pharmingen; BD Biosciences) for 15 min in the dark at room temperature. Cell apoptosis was analyzed using a FC 500 MPL flow cytometer (Beckman Coulter, Inc.) and analyzed using FlowJo software (version 7.6.1; FlowJo LLC, Ashland, OR, USA).
Caspase-9 and caspase-3 activity. MG-63 cells were cultured in 96-well plates (~1x10 4 cells/well) and treated with HCPT (0, 20, 40 and 80 nM) for 48 h at 37˚C. Acetyl (Ac)-Leu-Glu-His-Asp-p-nitroanilide (pNA) substrate for caspase-9 and Ac-Asp-Glu-Val-Asp-pNA substrate for caspase-3 were added to the cells and cultured for 2 h at 37˚C (all were purchased from Beyotime Institute of Biotechnology). Caspase-9 and caspase-3 activity was measured using an ELISA reader (Beckman Coulter, Inc.) at a wavelength of 405 nm.
Western blot analysis. For the analysis of apoptosis, MG-63 cells were cultured in 6-well plates (~2x10 6 cells/well) and treated with HCPT (0, 20, 40 and 80 nM) for 48 h at 37˚C. MG-63 cells were lysed in radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology) containing a phenylmethylsulfonyl fluoride protease inhibitor mixture (PMSF, Beyotime Institute of Biotechnology) at 4˚C for 15 min. Protein concentration was determined using the Bradford reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Total protein (50 µg) was resolved via 10% SDS-PAGE, and subsequently transferred onto a polyvinylidene fluoride membrane (Merck KGaA, Darmstadt, Germany). The membrane was blocked with 5% non-fat milk in TBS containing Tween-20 (TBST) for 1 h at 37˚C and incubated with primary antibodies against the following antigens: p53 (cat. no. sc-6243, 1:2,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), PARP-1 (cat. no. sc-7150, 1:2,000; Santa Cruz Biotechnology, Inc.), cytochrome c (cat. no. sc-7159, 1:2,000; Santa Cruz Biotechnology, Inc.), Bcl-2 (sc-783, 1:2,000; Santa Cruz Biotechnology, Inc.) and β-actin (cat. no. sc-7210, 1:2,000; Santa Cruz Biotechnology, Inc.) at 4˚C overnight. The secondary antibody was horseradish peroxidase-conjugated anti-rabbit immunoglobulin G (cat. no. 14708, 1:5,000, Cell Signaling Technology, Inc., Danvers, MA, USA) for 1 h at 37˚C subsequent to washing three times for 6 min each time using TBST and detected using a BeyoECL Plus kit (Beyotime Institute of Biotechnology) according to the manufacturer's protocol and quantified using sodium Image Lab 3.0 (version 3; Bio-Rad Laboratories, Inc.).
Statistical analysis.
Results are presented as the mean ± standard deviation. The statistical analysis was performed using the software SPSS (version 16.0; SPSS, Inc., Chicago, IL, USA). One way analysis of variance and Tukey's post hoc test was used to compare two or more groups of data in order to determine statistical significance. P<0.05 was considered to indicate a statistically significant difference.
Results
Anticancer effects of HCPT suppress cell viability of human osteosarcoma cells. In order to investigate whether the potential anticancer effects of HCPT suppress the cell growth of human osteosarcoma cells, cell viability was detected using an MTT assay. Treatment with 0-160 nM HCPT suppressed the cell viability of human osteosarcoma MG-63 cells in a time-and dose-dependent manner (Fig. 2) . Treatment with HCPT at 40-160 nM concentrations for 48 h or 80-160 nM for 24 h effectively suppressed the cell viability of human osteosarcoma MG-63 cells compared with untreated cells (Fig. 2) .
Anticancer effects of HCPT induce the cytotoxicity of human osteosarcoma cells. In addition, the potential anticancer effects of HCPT in terms of increasing the cytotoxicity of human osteosarcoma cells were investigated using an LDH assay. As presented in Fig. 3 , treatment with HCPT at 40 and 80 nM concentrations for 48 h effectively induced the cytotoxicity of human osteosarcoma MG-63 cells.
HCPT induces apoptosis in human osteosarcoma cell.
Subsequently, in order to determine the function of the apoptosis rate in the anticancer effects of HCPT on human osteosarcoma cells, flow cytometry was used to analyze the apoptosis rate of human osteosarcoma MG-63 cells. Treatment with 40 and 80 nM HCPT was demonstrated to effectively induce the apoptosis of human osteosarcoma cells in a dose dependent manner (Fig. 4) .
HCPT activates caspase-3 and caspase-9 in human osteosarcoma cells. HCPT activated caspase-3 and caspase-9 in human osteosarcoma cells were investigated. It was revealed that there were effective increases in caspase-3 and caspase-9 activity in the human osteosarcoma MG-63 cells treated with 40 and 80 nM HCPT, compared with 0 nM of HCPT (Fig. 5) .
HCPT activates the p53 and PARP-1 signaling pathway of human osteosarcoma cells. In order to identify whether HCPT activates the p53 and PARP-1 signaling pathway of human osteosarcoma cells, p53 and PARP-1 protein expression was detected using western blot analysis. As presented in Fig. 6 , HCPT (at 40 and 80 nM concentrations) effectively activated the p53 and PARP-1 protein expression in human osteosarcoma MG-63 cells.
HCPT activates the cytochrome c and Bcl-2 signaling pathway in human osteosarcoma cells.
The anticancer effects of HCPT on cytochrome c and Bcl-2 protein expression in human osteosarcoma cells were observed. The group treated with 0 nM HCPT, 40 and 80 nM HCPT suppressed Bcl-2 protein levels and increased cytochrome c protein levels in human osteosarcoma MG-63 cells (Fig. 7) .
Discussion
Osteosarcoma is a primary malignant tumor with a higher risk of metastasis. Though it may occur at across all ages, it predominantly occurs in adolescents. It is usually located in long bones, including the distal femur and the proximal tibia (13) . Currently, therapy to treat osteosarcoma mainly consists of neoadjuvant chemotherapy combined with surgical resection. A chemotherapy regimen primarily consists of Adriamycin, cis-platinum, ifosfamide and methotrexate (14) . The implementation of neoadjuvant chemotherapy improves the prognosis of patients significantly. For patients without metastasis, ~70% may attain long-term survival (5) . Despite this, there are a high number of patients that experience recurrence. The general recurrent tumor foci are long metastatic foci, but local recurrence is not common. In the present study, HCPT was demonstrated to effectively suppress cell viability, and to induce cytotoxicity and the apoptosis of human osteosarcoma MG-63 cells. Yang et al (15) suggested that HCPT suppressed the cell growth of human breast cancers, and further studies have demonstrated similar effects in murine melanoma pulmonary cancer (10) and lung cancer (16) .
The p53 gene is a tumor suppressor gene and is located in the short arm of the human no. 7 chromosome. This gene codes for the p53 phosphoprotein. The normal function of the p53 phosphoprotein is the regulation of cell proliferation (17) . In leukemia, osteosarcoma, lung cancers and colon cancers, there may be mutations in and a deficiency of the p53 protein.
Previous research has demonstrated that the p53 protein is the most effective natural defense against tumors in the human body (18, 19) . The present study provides the prospect for a novel protein oncotherapy and protein interaction to identify a novel and effective medical target, as p53 has previously been a hotspot domain of tumor study (8) . In the present study, it was revealed that HCPT effectively activated the p53 signaling pathway of human osteosarcoma MG-63 cells. Zhang et al (9) reported that the manner in which HCPT induced apoptosis in HepG2 cells was associated with cell cycle arrest at the G2/M phase through p53 expression.
PARP-1 participates in DNA damage repair and transcription regulation (20) . Furthermore, it is regarded as an important regulatory factor of cell survival and cell death, and also participates in the regulation of a number of transcription factors in tumorigenesis and the inflammatory response (20) . Currently, increased expression of PARP-1 has been observed in multiple malignant types of tumor, including human osteosarcoma cells (20) . As PARP-1 participates in DNA damage repair, the single application of a PARP-1 inhibitor treatment or a DNA damage drug combination may promote apoptosis (21) . A previous study has demonstrated that drug inhibition or gene knockout PARP-1 may not only cause the avoidance of tissue damage caused by oxidative stress, but may also improve the prognosis of patients with cancer (22) . Additionally, in the present study, HCPT effectively activated the PARP-1 protein expression of human osteosarcoma MG-63 cells. Hu et al (23) observed that HCPT enhanced the apoptosis induced by cancer therapeutic drugs through PARP-1 and caspase-9/3 activation in androgen-independent prostate cancer cells.
Apoptosis, also termed programmed cell death, serves an important function in maintaining the normal physiological equilibrium of the human body and the elimination of old cells (24) . Apoptosis is a process by which a gene actively determines the automatic life termination of a cell. Thus it is often termed programmed cell death (25) . Apoptosis is a normal process during the individual development of a multicellular organism. It may maintain and resist the disturbance of various outside factors in a stable manner and serves an important function in maturing embryonic development, hematopoiesis and the immune system, in maintaining normal tissues, the organic cell constant and growth balance and also aging (26) . In previous years, the focus of studies on apoptosis had shifted from changes in the nucleus to alterations in the mitochondrial respiratory chain. Cytochrome c is a basic component in the respiratory chain and serves an important function in redox and energy metabolism. Furthermore, it has been revealed that cytochrome c is a key substance for the mitochondrion to initiate apoptosis (27) . Furthermore, the present study revealed that HCPT effectively activated the cytochrome c signaling pathway of human osteosarcoma MG-63 cells. Yuan et al (12) indicated that HCPT induces apoptosis through the p53, cytochrome c and caspase-3 pathways of human neuroblastoma SMS-KCNR cells.
Under normal circumstances, cytochrome c exists in the cavity between the inner and outer mitochondrial membranes (28) . The signal stimulation of apoptosis causes the release of cytochrome c from the mitochondria to the cytoplasm. Once cytochrome c is released, it may cause one of two consequences. One is that it may combine with apoptotic peptidase activating factor-1. Under the mediation of adenosine triphosphate/deoxyadenosine triphosphate, the caspase-9 precursor is split into activated caspase-9 (28). The activated caspase-9 activates caspase-3 and results in apoptosis (29) . As cytochrome c is released into the cytoplasm, intracellular cytochrome c is reduced or absent, and therefore may result in the interruption of the respiratory chain electron transfer chain and necrocytosis (30) . The release of cytochrome c is the result of an increase in the permeability of the mitochondrial outer membrane (31) . Bcl-2 proteins are primarily concentrated in the mitochondrial outer membrane, and prevent it from releasing cytochrome c, which inactivates the caspase in the cytoplasm, and causes apoptosis to be blocked. Caspase-3 is one of the most important executors of apoptosis (31) . Activated caspase-3 may degrade Bcl-2 protein and prevent it from carrying out its anti-apoptotic effects. Once caspase-3 is activated, the occurrence of apoptosis is irreversible (29) . In the present study, it was revealed that HCPT effectively promoted caspase-3/9 activities and inhibited the protein expression of Bcl-2 in human osteosarcoma MG-63 cells. Yuan et al (12) had previously indicated that HCPT induces apoptosis through the p53, cytochrome c and caspase-3 pathways of human neuroblastoma SMS-KCNR cells.
In conclusion, the results of the present study demonstrate that HCPT effectively suppresses cell viability, induces cytotoxicity and the apoptosis of human osteosarcoma MG-63 cells, through the use of modulated caspase-3, p53 and cytochrome c pathways. The data of the present study indicated that HCPT may be a prognostic drug and a therapeutic target for human osteosarcoma.
